
  

PROSPECT 
at the  
High Flux Isotope 
Reactor (HFIR) 

Chris	  Bryan	  
Oak	  Ridge	  Na2onal	  Laboratory	  

	  

WINP	  2015	  
Brookhaven	  Na2onal	  Laboratory	  

	  
Feb	  5th,	  2015	  



2 

HFIR conceived as multi-purpose reactor with a 
focus on transplutonium isotope production. 
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HFIR technical description •  Annular	  HEU	  core	  (9.5kg@93%)	  

•  85MW	  opera2on	  +/-‐	  1MW	  

•  23-‐26	  day	  cycle,	  depending	  on	  core	  
loading	  

•  6	  cycles/year.	  Plans	  for	  7	  

•  Next	  long	  planned	  outage	  (>4mo)	  
es2mated	  in	  2023/24.	  

•  Accustomed	  to	  arranging	  a	  variety	  of	  
science	  programs	  and	  hos2ng	  access	  
for	  visitors,	  including	  FN.	  	  

•  Primary	  missions	  are	  	  
1.  neutron	  sca\ering	  (user	  facility)	  
2.  isotope	  produc2on	  	  
3.  materials	  damage	  tes2ng	  
4.  nuclear	  forensics	  
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Advantages of a research reactor (HFIR) 

0 

10 

20 

19
66

 
19

67
 

19
68

 
19

69
 

19
70

 
19

71
 

19
72

 
19

73
 

19
74

 
19

75
 

19
76

 
19

77
 

19
78

 
19

79
 

19
80

 
19

81
 

19
82

 
19

83
 

19
84

 
19

85
 

19
86

 
19

87
 

19
88

 
19

89
 

19
90

 
19

91
 

19
92

 
19

93
 

19
94

 
19

95
 

19
96

 
19

97
 

19
98

 
19

99
 

20
00

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

07
 

20
08

 
20

09
 

20
10

 
20

11
 

20
12

 
20

13
 

Cycles per CY 

~17” 

•  Compact	  core	  with	  highest	  power	  
density	  (peak	  ~2MW/liter)	  

•  Regular	  and	  rela2vely	  short	  on/off	  
cycle	  (predictable)	  

•  Accustomed	  to	  accommoda2ng	  
researchers	  from	  around	  the	  world	  
(including	  FN	  access	  to	  facili2es)	  

448 cycles X 540 fuel plates 
per element = 241,920 fuel 
plates without a failure. 
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How the nuclear reaction is controlled 
affects the flux available for irradiations 

Fuel 

Shutdown 

Cold Clean Critical 

1 Day Later Equilibrium Xenon 

Mid Cycle 

End of Cycle 

Aluminum – No neutron absorption 

Tantalum – Some neutron absorption 

Europium – Strong neutron absorption 

Be 
Reflector 

Axial Neutron Flux Shape 

~2x 

x 

23 to 26 day cycle 

MCNP Models are available 
NIST, ATR and HFIR are all well modelled 
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HFIR Reactor Bay & Pressure Vessel 

PROSPECT DETECTOR 
LOCATED HERE ONE 
FLOOR BELOW 
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Reactor Building Layout 
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Near Detector Location 

 
 
 

 

•  6-‐9m	  Baseline	  Range	  

•  Intrinsic	  shielding	  includes	  
–  Pool	  and	  vessel	  water	  (3m)	  	  
–  Pool	  walls	  (1m	  concrete)	  
–  Bioshield	  (1.3m)	  under	  

detector	  

•  Overburden	  includes	  two	  8”	  
concrete	  floors	  directly	  above	  
detector	  

•  Nearby	  ac2vi2es	  include	  	  
–  Materials	  Irradia2on	  Facility	  

(gas	  mixing	  and	  control	  
sta2on)	  

–  NAA	  lab	  (around	  corner)	  
–  Cold	  Source	  control	  room	  

(through	  double	  doors	  at	  end	  
of	  hall)	  

N 
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Detector location relative to HFIR core 
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Panoramas of detector area 
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Advantages of ORNL/HFIR 
1.  Ease	  of	  access	  (physically	  and	  administra2vely).	  	  	  

2.  Facilita2on	  by	  ORNL-‐internal	  collabora2ons	  (Physics	  
Division,	  Research	  Reactors	  Division).	  

3.  Exis2ng	  User	  Facility	  (neutron	  sca\ering),	  so	  processes	  
and	  procedures	  exist	  for	  adding	  these	  experiments	  
with	  exis2ng	  Engineering,	  Safety,	  Opera2ons,	  Crad	  and	  
Radiological	  Controls	  staff.	  

4.  Adequate	  space	  for	  fundamental	  science	  experiments.	  	  
Currently	  hos2ng	  several	  physics	  experiments,	  but	  
room	  for	  others.	  (PROSPECT,	  SoLiD,	  etc…)	  

5.  Backgrounds	  are	  characterized	  (as	  are	  those	  at	  NIST	  
and	  ATR).	  

6.  HFIR	  MCNP	  model	  is	  mature	  and	  available	  (posted	  on	  
website).	  

7.  Reliable	  HFIR	  opera2ng	  model.	  	  6-‐7	  cycles	  per	  year.	  	  
Schedule	  is	  prepared	  3	  years	  in	  advance.	  	  Reliability	  of	  
startups	  at	  HFIR	  is	  over	  95%.	  

8.  ORNL	  has	  been	  involved	  with	  PROSPECT	  since	  the	  
incep2on	  of	  the	  collabora2on.	  	  


